Oxy radical and oxidative stress are believed to play an important role in carcinogenesis (2) . Serious oxidative damage on nuclei may lead to oxidative damage of DNA such as DNA-SSB and the enhancement of carcinogenesis (3) (4) (5) . Many epidemiological and experimental studies show that some antioxidants can reduce cancer risk in some organs (6 a Significant difference from groups 1 to 4 . b Significant difference from groups 1 to 5.
by vitamin E in mice treated with 4NQO. Feeding on glycerol in drinking water increased the lung tumor incidence by 64% as well as lung tumor multiplicity by 72% as compared to the 4NQO-treated group. The feeding on excessive vitamin E for 4 and 23 weeks after 4NQO injection to mice treated with 4NQO + glycerol caused a 45% and 73% reduction in lung tumor incidence, and lung tumor multiplicity decrease, to 71% and 88% respectively. Additionally, as shown in table 3, the difference in the serum vitamin E level among the groups coincided with the degree of lung tumorigenesis.
DISCUSSION
Our present study demonstrates that vitamin E protects the lungs against oxy radical-promoted tumorigenesis due to antioxidative and other modifying effects of this vitamin.
Oxidative damage of DNA caused by oxy radicals and pro-oxidant states is likely to be a key factor in carcinogenesis (3) (4) (5) . We have reported that oxy radicals may have a crucial role in the glycerol-related enhancement of lung tumorigenesis in mice (1, 11) . The elevated levels of DNA-SSB and nuclear TBARS with glycerol returned to the levels below those in the 4NQO-treated group by the feeding of excessive vitamin E. Additionally, oxy radical-enhanced lung tumorigenesis in mice treated with 4NQO was suppressed by feeding of excessive vitamin E, These findings suggest that vitamin E can be useful antioxidant to protect nuclei from oxidative stress and oxy radical-enhanced lung tumorigenesis can be inhibited through the preventive effect of vitamin E on nuclear oxidative stress.
The inhibitory effect of vitamin E on the glycerol-related enhancement of lung tumorigenesis, was stronger in the group fed vitamin E for 23 weeks than in that fed vitamin E for 4 weeks. These findings indicate that some physiological functions other than antioxidative function with vitamin E may be effective to suppress the promotion of the development of lung tumors from 4 weeks to 23 weeks after 4NQO injection. Since the inhibitory effect of vitamin E on the activation of protein kinase C (PKC), which is a key event in the promotive stage of carcinogenesis (16), has been reported (17), this inhibition can partly account for the suppression of lung tumorigenesis by vitamin E in mice. However, this The frequency of adenocarcinoma in histological types of lung cancer , is higher in Japan than in western countries (18). In addition, the increased trend of adenocarcinoma may become a serious problem in the near future. The risk factors contributing to lung adenocarcinoma in humans are still unclear, but the present findings suggest that oxy radicals play a considerable role in enhancing lung adenocarcinoma. Since vitamin E can effectively suppress oxy radical enhanced lung tumorigenesis in mice, vitamin E may act as a useful agent in the prevention of human lung adenocarcinoma. 
